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INTRODUCTIONl

This catalog is the fourth in the series of SAO Special Reports
listing the positions of artificial satellites as obtained by the SAO
Photoreduction Division from the precise reduction of the films taken
at the 12 Baker-Nunn Camera Stations. These catalogs appear regularly
and in the same form, each covering periods of six months of observa-
tions on satellites tracked by the Cbservatory. Each catalog includes
all precisely reduced observations made during that period that have
been checked and found to be without significant errors.

Approximately 20,000 observations have now been reduced, and about
1500 new reductions are completed each month. These observations can
be independently checked by determining their residuals from the best
obtainable orbits. In practice, however, this is not so simple since
the best orbits can be obtained only by the use of the same observations
that are being checked. Thus we compute orbits regularly from only
the precisely reduced observations, and correct those that deviate con-
siderably from the orbits. Finally, the positions are used again to
test whether or not their new residuasls meet standards for publication.

Only orbits with a standard deviation O of one observation not
exceeding * 20" are used as reference; on the average, the standard
deviation is only between + 5" and + 10". All observations with re-
siduals larger than + 10" are examined to find whether the error is due
to the observation or to the poor accuracy of the orbit.

The present catalog includes 993 observations of Satellite 1959 Eta
(Vanguard IIT) and 1180 observations of Satellite 1960 ¢2, (rocket of
Echo I). All reliable observations reduced for the periods listed in the
Table of Contents have been listed.

lThis work was supported by a gramt from the National Aeronautics
and Space Administration.



All the observations in this catalog have been checked by the pro-
cedure described sbove, and have small residuals with respect to the obe
tained orbits. The mean orbital elements obtained from them will pub-
lished shortly im a separate SA© Special Report.

The observations were reduced by the method explained by the late
K. Lassovszky in SAO Special Report 41 (Lassovszky et al., 1960). Most
of the measurements have been made with two-screw caﬁbarators of the Mann
type, although a few early reductions were made with the Van Blesbroeck
photo-goniometer. The time reduction was made essentially by the method
described by E. Weston in Special Report 41 (Lassovszky et al., 1960).

Although it has been proved that the Baker-Nunn cameras can achlieve
an sccuracy better than + 2" in the positions (Lassovezky, 1961), the
average results are not so good. This difference is most apparent in
observations made during the beginning of the program, when both the ob-
serving and the film-reduction techniques were not yet well developed.
Until every position can be given with 1its proper uncertainty as obtained
from the reduction, a standard deviation of 4" is assigned to all posi-
tions determined with the Mann comparator, and + 10" for all those made
with the photo-goniometer. Although these values should reasonably re-
present the real deviations, they should be used only as an indication of
the accuracy.

The time accuracy of the cbservations depends primarily on the sta-
bility of the statiom clock and on the reception of the time signals.
Uncertainties have been estimated according to these criteria; they vary
from + 0.5 msec to + 20 msec, with an average value of * 2 msec.

An additional error in the timing arises from a maladjustment in the
centering of the rotating focal-plane shutter that fires the strobe for
the photographic recording of the time. This error, although it tends
to be systematic for a particular camera, varles in time and sasccording to
the cycle period used. Since October 1960, all cameras have been equipped
with a special calibration device to determine the real position of the
shutter at the time that the strobe light fires. Since observations made
before these calibrators were installed could not be corrected for thils
effect, a statistical analysis was made of the errors determined after
this installation; the standard deviation characteristic that was thus
obtained for each camera was added to the previously determined time un-
certainties. All observations of films taken prior to the installation
of the shutter calibrators are reported to ?OOl; all more recent observa-
tions, to S0001. :



The format of the catalog is as follows:
The first column gives the year, month and day of the observation.

The second column gives the time of the cobservation in hours, minutes
and seconds in the A-1 (Atomic Time) system (Bulletin of the Naval Observa-
tory, 1959). Due to a misinterpretation of A-1 data, a correction of
450008 should be applied to all times for films taken prior to January 1,
1961.

The third column gives the root mean-square (standard error) of the
time expressed 1n milliseconds.

The fourth gives the topocentric right ascension expressed 1n hours,
minutes and seconds of time; and the fifth, the topocentric declination
in degrees, minutes and seconds of arc. These positions refer to the mean
equator and equinox of 1950.0. Since the reference stars were not reduced
to a common catalog system, it is not easy to define the R.A. and Decl.
system.. The errors that result from not using a common reference system
are certainly less than one second of arc; Special Report 41 (Lassovszky
et al., 1960) gives a list of the star catalogs used, arranged according
to the declination zone of each. The positions have not been corrected
for parallactic refraction (this correction will hardly ever exceed 2 se-
conds of arc).

The sixth column gives the standard error (RMS) of the position ex-
pressed in seconds of arc, always four or ten in this catalog.

The seventh column gives the number and name of the Baker-Nunn station;
the name is occasionally abbreviated. The positions of the stations are
given in SAO Special Report 59 (Veis, 1961).

The eighth column gives the film and frame number.

The ninth column gives in abbreviation the name of the measurer.

The tenth column gives the observation number assigned by SAO.

This catalog is the result of the work of many members of the staff
of the Satellite Tracking Program of the Smithsonian Astrophysical Observa-
tory, who contributed in different capacities. The laborious final check-

ing and preparation for publication were done by Mrs. Kathy Haramundanis,
Mrs. Linda Simons, and Miss Phyllis Stern.

May, 1962
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20-31 January 1961
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31 Janugdy - 7 February 1961

Satellite 1960 ¢2

91z
612

s9
12

€12
212
112
0tz
602

Ov¢
LZ¢
SZ¢
g0z
L0z

144
hZ¢
902
502
202

€07
202
102
[ %42
(447

89¢
L9¢
661
29
19

09
6%
99¢
G9¢
9671

661
96l
56L
8671
L6T

*ON®*S30

AS

AY
AY
AV

AV
AY
AY
aA
aA

AS
NA
NA

aA

AS
AS
a8
AY
AV

AY
AY
AY
a8
a8

AH
AH
me
N
IN

N9
NS
9d
9d
AY

AV
NO
NS
NO
N©

AY
AY
NO
NS
£l

SW

01
91

92

12

44
€1

21

1
21
61
9T
LY
€€
82
01
2T
LT
ot
(21
0¢
0z
21

1Y
a1

114
91

2t

*ON

6062
6052
0262
0zZ62
%60¢€

w60¢
Law
Ls%Z
66%¢
66%2

T6%2
01¢e?
otee
642
w6he

980¢
980¢
16%2
EAA X4
90¢g2

EAA N4
90¢€2
280¢
18492
18%2

9297
92Z%2
™ew
1062
1062

2LY?
2L92
01vwe
0T»?
4.4 X4

ey
29L2
29L¢
osLZ
ol 4

GENZ
GENC
34 ¥4
6949
26€2

INYYS

IVYTHS
ZVY1IHS
OOGNVNY3I4*S
OONVNY3I4*S
1INV

INYW
¥3irdnr
¥yilrdnr

IVHIHS
IVHTHS

¥3lrdnr
ovovund
ovovind
ZVHTIHS
ZVYIHS

INVW
INVYW
ZYYIHS
¥y3L1dnr
ovavynd

d3lrdnr
ovovdNnd
INVYW
IVIIHS
IVYIHS

OAMOL
OANOL
VY3IWOOM
OONVYNYI4*S
OONYNY3I3*S

ZVATHS
IYYIHS
oANOL
OANOL
y3lidnr

¥3Lrdnr
NL4SINY4I0
N14SiINV4T0
SSVYd NVOYO
SSVYd NVYDY0

y3Lidnr
¥3alrdnr
ZVY1IHS
ZYVYTHS
OANOL

NOILlVLS

8006

- 8006

%006
#006
2106

Z106
0106
0106
8006
8006

0106
6006
6006
8006
8006

2106
2106
8006
0106
6006

0106
6006
2106
8006
8006

6006
G006
€006
#006
»006

8006
8006
5006
5006
0106

0106
2006
2006
1006
1006

0106
0106
8006
8006
G006

T T TS L b AR R 4 R A R T+

3+ S+ TS

S+ 4+ T+ LI L 2R 4

éd) LR

S°€
9°0.
ocy
0*61
0°6g

L°8

h: -t
T°2¢
522
B*9g

w°1s
L*82
s°8
8° oy
€*22

L*1g
9°4g
g*1e
Ak ]
Gel

Z°st
Z%65
762
noe

%*8¢

€°11
0°0¢g
6°86
L*H1
g°¢

8°Lle
z2°9%¢
8°22
1°Lle
8*lg

Yo 1e
96
Z*e
1°91
2%8s

H*0g
2°¢2
%68
0*4¢
9°11

S

6S
62

4
8%

84
L1
r4
2z
1¢

Le
06
44
(4
€

W

€
Y

81~
5z~

8%

29
0z
82
LY
99

LZ-
0 ~-
T -
9T-
oc—

8¢
89
Ly
g1~
2z

91~
8
ka4
9%
4

6€
18/
81
12
Lz

9¢
04
2s
19
Gy

-3
Q -~
T -
LE
ss

[4]
69
KZA
6L
YL

a

(0°066T)°71030

T1°L

alL*8e
Z21Lt
66°1Yy
H0*0%

z2*9¢
z1°s

ZLLY
6G°G¢E
YL*GT

99°9g
co ey
oteLe
L9*hg
eL®st

z8*12
50°91
L2°0¢g
1162
88°462

268
G1%6
69°L2
zG*9
ET*9y

66°62
7t
1T°0¢€
2681
9L%¢

Z20°%¢
Iv*He
16°1¢
A AL 1
kAR T4

6e°*9e
61°ZH
Letse
€6°¢61
sZ°%2Z

18407
TL*w%
4: A A
866

€L*°ST

S

e
1¢
91
LE
%2z

111
€e
1]
04
3

L
119
€S
4
9¢g

4
6Z
92
8q
8

4]
€1
SE
ST
6€

69
94
GE
0z¢
18

LY
1€
15
Lz
9%

LT
og
:X4
61
82

1€
[
%
1€
!

W

91
w1
el
[

[N AR AN g

9

L1
st
71

€l
el
1

w1
el

st
sl
91
91
LY

L1
Z
Z
91
%1

L1
91
L1
LT
61

H

(0*0G6T)*v°Y

(034
ot

- -

cCOmMmm —~

oe
0€
o¢
0e
€

SW
ShY

8999°¢1 1¢
#999°11 1¢
I#€E’E 66
66£5°82 LS
€96H°2Z¢ 0¥
6ell*l 6¢
LZLT1°8Yy 9%
0BE6°E 9Y
L818°LE 26
G96L°9% 1§
8691°9 %1
0896°€s €1
6096°6% €1
0LZ6°GH 62
2€89°61 €2
ZLiv*s %
2eBE*9 €
9492°0 LY
69691y O%
6996°5¢E O%
6869°6Z 0%
£261°%  6¢€
#c02°s 0¢
EY8G LT TH
©629°495 09
L828°TH GH
9€08°62 oY
0996°0% %
I8 le 1
¥GLE®BY O
9GTIT*HYy 9
#861°62 9
0Z8Ll*eT L
#080°0Z 9
1696°92 12
991Z°»1 02
Z616%6  G%
5L06%S &Y
8TI9°GE €%
0080°*8% T4
06L8°61 &%
0BE9* 1Ty €V
9Z1Z°8E 6%
SEH6°6 6%
ZLOZ*HT %S¢
S W
(T=-v) 3IWIL

4
4
61
61

1

91
o1
[¢)4

4

81
81
01

o1
Lt
L1
21

21

o1
o1
0
0
81

H

NNWOY VOVVO O OO ~~

LA A i NN W N

QoMo

AN NNNOm

O et

4
r4
4
4
r4
Z
4
Z
Z
Z
Z
Z
4
2
Z
2
Z
4
4
Z
4
1
z B
4
Z
Z
Z
K4
Z
2
Z
r4
Z
2
Z
Z
Z
Z
¥4
k4
Z
2
Zz
2
T 1961
L] A
3iva



7-10 February 1961

Satellite 1960 12

1£17
oce
Lez
9¢e2
GeZ

JA A0 ¢
Ny 1T
8L

heZ
|2 %4

LL
9L
LITT
(424
1ee

o€z
622
44
gL
Wl

€L
ZL
Lzz
8EY
LeYy

193
oL
69
922
T4

»Z?e
gee
22z
122
0zz

612
8111
61T1
89
L9

62¢
8¢
9eY
812
Lz

*ON®S80

ad
aa
I
9d
9d

14
14
31
NA
NA

N9
NS
1d

AY

aa
aA
aA
AY
AY

NS
AH
AH
AY
AV

9d
9d
as
A
AV

SW

22z
eT
01
21

Y4
124
144

*ON

6LYy2
6192
LeeZ
w62
ko {-X4

T892
14:a 24
%262
1€1E
TeETE

8Z1¢
821¢
yLlhZ
LA N4
hee?

r4A X4
9Z1¢
921¢
o%62
o%62

18L2
18L2
ocee
L9%¢
L9

2e62
2e62
r44.%4
121¢
121¢

L1Te
L11¢e
T1T1¢
I11¢e
22¢ee

zzee
€692
(14 24
6262
6262

401¢€
90TE
(e) A X4
860¢
860¢

ELALE]

y3lIldnr 0106 k4 8*%Z Hs 82
¥3ILldnr 0106 Y 0°8Z 21 €2
OVOVHND 6006 k4 L*eY Lg 2 =
OONVYNYII*S #006 ki 6°6G6 Z1 €1
OANVYNYI4*S #006 A 0°*%T €% 6
0AMO0L 5006 A4 0°65 %Z %
OAYMOL 5006 k4 L*Y Ly
ZVYIHS 8006 k4 91T OT L2
INYW 2106 Y 6°2% €5 6 -
INVN 2106 Y 0°6y 2¢ 0O¢
INVW 2106 » L°GZ €€ O¢
INVW 2106 Y G*9T € 2Z¢
0A%0L S006 k4 2°0T 66 §
ovovind 6006 A4 1°6 1% 81
ovoviINnd 6006 A4 ®°91 #Z 8¢
¥31l1d4nr 0106 A4 6°2Z 6% ¢
INYW 2106 k4 8°2 2z L+w
INYW 2106 K 9°1s 21 T1¢
OONVYNY34*S 4006 k4 Z*8 1% 6 -
OGNVNY3J*S +006 K4 9*L €2 ¢z -
SSVYd NYONO 1006 Y 2°6Z 61 ¢1
SSVYd NVYO¥0 1006 ¥ 1°6¢ 16 21
ovovind 6006 Y €°06 G¢ 9%
0A%0L1 6006 K4 E°9T 41 € -
OAMOL 8006 k4 2°06 %1 9
OONVYNYIJ*S 4006 Y 8°8% 66 8 -
OANVYNY¥3I4*S %006 K4 T°0T LS €1~
OGNVYNH3d*S 4006 k4 6°22 0¢ 81—
INYW 2106 K/ 9°1E 8
INYW 2106 ki g*ze 11 8
INYWw 2106 k4 G*6G €€ €%
INnvW Z106 Y #%21 02 0§
INYW 2106 k4 #°96 6¢ 2 -
INYW 2106 k4 6°0% 2% ¢ -~
ovovynd 6006 k4 Z2°% % 81
ovoviNd 6006 k4 Z°8% 6€ L1
OAMOL S006 Y 8°le 26 € =~
OAMOL S006 Y 2*8 6T 4
OQNVYNY34°S 4006 Y 6°%2 Z¢ 6 -
OANYNY34°S $006 A4 9°¢Z 0 61~
INYW 2106 k4 8°12 %S 19
INYW 2106 Y 8°0 2t Z9
OAYMOlL 6006 k4 #°96 06 €1~
INYW 2106 K/ Z°he 91 2
INYW 2106 Y 0°Z¢ 9¢ 6 -
S S W a
NOILYLS SWY (0°*066T)°1D3Q

80°GH
66°2

vZ2°9¢
€2°2¢
06°ce

£9°%2
€8°%¢
L0*9Y
2Lzt
Z6°Le

18°1%
zi°0z
99 *H¢
vLoLY
LG*6

69ty
19°%1
66°9¢
98°6Y
0z*¢€

62°62
96° 9%
£9°1
6L°ZY
0Ty

6L°61
2y 1s
99°*1¢
10°21
s0°¢2

heoeh
0c*s
YRR 4
Lz*ls
9Lt

LL*»T
9L%ey
66°L
(A A0
Zu*el

ovegH
L0°62
TL°L2
g9°gE
98°L¢

S

Le
0s
6

L1
8s

91
9g
o%
62
LS

T4
k24
0ot
17
8

:24
6
81
Zn
A

11
8

1]
6%
LS

84
¥z
€

he
81

12z
1
0

8y
oe

82
9%
T
2§
L

66
8¢
kad
sl
62

W

no ~AM~w®

~ NN~

-t

H

(0°066T)°v*y

OO~ m o~
-

ot~

SW
SWY

1088°%¢
#106°9¢
86L8°* L2
GL6BEY
L868°6GT

96ZL*sZ
6%29°LS
owvo° 1€
w0G6°¢€
0988°2¢

:1:£4: A4

2928°1¢g
96Zy*ee
#6€0° vy
LBEZ €S

Lnl6°6Y
BGETEE
ELLT*5S
6661°02
69€EEET

L120*%e
L020°02
9616°1

26%9°0Yy
8L98°61

%6T0°0T1
126%°L
kA I A AR
€6E9°9T
€021°%g

02L0°6%
19€9°¢€T
(o)L Ak}

0Z90° %%
€686°2¢

12.5°8%
88L1°64
Z8LLGY
™His*22
€021°62

G9%G*SE
GINGe 1€
8E9L°0T
€966°2
e110°2¢

S
(1-v)

ka4
€Y
e
6%
&4

[44
12
I4
e
Y4

62
82
8¢
6¢
8t

[42
T

66
2
le

9
9
G
LYy
9%

Z1
11
o1
96
11

11
18
22
12
Lz

Lz
I8¢
01
9€
k47

%1
1
SY
Ly
Sy

W

3IWIL

0
o]
¢
oz
oX4

61
61
91
ST
ST

nan O~ o

A~
-

61
61

61
12
[}

€1
€l

€2

€2
0oz
0z
61
61

%1
1

H

[l et 0l o r~w o 0 o 0 0 ® DO D Lol v e T A0V OO OO ON AN O OO
-t =

~reres~

o

4

Z

Z

Z

Z

Z

Z

Z

4

Z

14

4

4

Z

Z

Z

2

Z

Z

Z

Z

z
z 7
Z

Z

Z

2

Z

2

Z

Z

Z

Z

4

Z

Z

4

4

Z

4

Z

Z

Z

4

Z 1961
W A
31iva



10-13 February 1961

Satellite 1960 2
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NOTICE

This series of Special Reports was instituted under the
supervision of Pr. F. L. Whipple, Director of the Astrophysical
Cuservatory of the Smithsonian Institution; shortly after the
iaurching of the first artificial earth satellite on October &,
1957, Contributions come from the Staff of the Observatory.
First issued to ensure the immediate dissemination of data for
satellite tracking, the Reports have continued to provide a
rapid distribution of catalogues of satellite observations,
orbital information, and preliminary results of data analyses
prior to formal publication in the appropriate journals.

Edited and produced under the supervision of Mrs. L, G.
Boyd and Mr. E. N, .Hayes, the Reports are indexed by the Science
and Technology Division of the Library of Congreas, and are
regularly distributed to all institutions participating in the
U. S. space research program and to individual scientists who
request them from the Administrative Officer, Technical Infor-
mation, Smithsonian Astrophysical Observatory, Cambridge 38,
Massachusetts,






